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The Palos Verdes anticlinorium today, at its highest point, is around 1,473 feet above sea level at the San 
Pedro Hills of the Palos Verdes Uplift.  Tectonic uplift of the hills occurred since the latest Miocene based 
on a tectonic reorganization of the southern California region (Wright, 1991; Ingersoll and Rumelhart, 
1999).  In the Palos Verdes Hills, the Monterey Formation, with a basal blue-schist breccia or 
conglomerate (in places mapped as San Onofre Breccia), was deposited directly onto uplifted Mesozoic 
Catalina Schist.  The Palos Verdes Hills were initially located on the deeper, offshore edge of a shallower, 
northwest-trending “schist ridge” that acted as a sill or peninsula bounding the Los Angeles Basin 
(Yerkes et al., 1965; Wright, 1991; Bohannon and Geist, 1998), and subsequently tectonically uplifted 
the Los Angeles Basin into a bathymetric high.  Wright (1991) interprets the relatively fine nature of 
Monterey Formation sediments in the Palos Verdes area compared with Puente facies, to the east of the 
Hills and on the eastern side of the Palos Verdes Fault, in the subsurface of the central Los Angeles Basin 
as evidence for slow uplift of the submarine ridge beginning as early as the late middle Miocene, with 
accelerated uplift and bathymetric shoaling of the Palos Verdes Hills occurring after the mid-Pliocene (~3 
Ma; Nardin and Henyey, 1978; Behl, 2012). 
  
Past studies show the Palo Verde Hills’ tectonic uplift by dating remnants of marine terraces, chiefly 
over the past ~400,000 years (Bryant, 1982; Ponti, 1989; Orme, 1998; Shlemon, 2004).  The Palos Verdes 
Hills have 13 mappable marine terraces, with the oldest and highest marine terrace possibly as old as 
1.4 Ma (Woodring et al., 1946; Bryant, 1982).   While the average uplift rate of the Palos Verdes 
Peninsula is ~0.3mm/year, the relative elevations of the younger marine terraces (80 and 125 thousand 
years ago [ka]) suggest that the rate of uplift varies across the doubly plunging anticline and may have 
accelerated during the latest Quaternary, reaching rates as high as ~0.7mm/year (Orme, 1998). 
   
2.1.2 Local Geology 

Miocene sediments make up most of the bedrock material on the Palos Verdes Hills.  The bedrock 
consists mostly of the lower, middle, and upper Altamira Shale, the Valmonte Diatomite, and the Malaga 
Mudstone of the Monterey Formation.  The Site is located on the Upper Altamira Shale member of the 
Monterey Formation.   The geologic map is shown on Figure 3 by Geo-Logic (2019) in Appendix A.  This 
part of the Altamira Shale weathers white and has thin beds of siliceous and phosphatic shale with 
interbeds of limestone, dolostone, siltstone and diatomaceous material.  In the vicinity of Portuguese 
Bend, Upper Altamira Shale sediments have been disturbed by landslide movement and mechanical 
grading. 
 
The Altamira Shale (Behl, 2007) is estimated to have been deposited between ~20 to 10 ma during an 
eruption of volcanism that consisted of thick layers of volcanic tuff.  The tuff, when exposed to water, 
weathers into layers of bentonite clay that is the base of the PBL plane.  San Onofre Breccia and the 
Catalina Schist are found at depth below the landslide, are not exposed at the surface, and are major 
contributors to the landsliding areas.  Therefore, these formations are not discussed in any detail in this 
report.  Landslides and marine terraces are discussed in detail within the following sections. 
 
2.1.3 Ancient and Active Landslide Complexes 

The Ancient Landslide Complex in the Palos Verdes Hills was best classified as a complex landslide (Eckel, 
1958), since it consists of numerous independent merging slides of various forms (Merriam, 1960).  The 
Ancient Landslide Complex first started to move ~37 ka.  This landslide stopped moving and stabilized 
before historic times.  The present movement at the lower end is a slow earthflow by which crushed, 
altered landslide material produced by older sliding has undergone slow, plastic flow down a low 
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gradient to the south or toward the ocean.  Movement farther upslope from the coastal bluffs is 
characterized by the shifting of very large blocks that are dislocated in relation to one another and are 
moderately cracked and deformed.  Uppermost zones show limited rotational movement as block 
slumps.  
 
Given the anthropogenic processes on the Ancient Landslide Complex, such as private sewage disposal 
systems, landscape irrigations, and the unfinished grading of the extension of Crenshaw Boulevard from 
Crest Road to Palos Verdes Drive South, the PBL segment of the Ancient Landslide reactivated.  The PBL 
started to creep in 1956 and is still creeping today.  The mechanisms of the PBL are discussed in the 
Geologic Hazards section below. 
 
2.2 GEOLOGIC HAZARDS 

The primary geologic hazards in California are: 

 Seismic hazards related to earthquakes, including ground rupture, liquefaction, strong motion, 
and tsunami; 

 Landslides of all kinds, including seismically triggered landslides, debris flows, mud flows, and 
rock falls; 

 Mineral hazards such as asbestos, radon, and mercury; and 

 Volcanic hazards, such as ash fall, lava flows, lahars, pyroclastic flows, toxic gases, and volcanic 
landslides. 
 

A discussion of the geologic hazards relative to the Site is presented below. 
 
2.2.1 Earthquake Faults 

The PBL is located within the seismically active area of southern California, where there is the potential 
for the Site to experience strong ground shaking from local and regional faults.  Within the Palos Verdes 
Hills, faulting is very common, though the identified faults do not display evidence of Holocene 
movement or being active at this time.  Many of the faults located in the Palos Verdes Hills are normal 
faults associated with large graben structures and could be associated with landsliding.  The Cabrillo 
Fault, found in the eastern and trending to the central part of the Palo Verdes Hills, is a splay of the 
Palos Verdes Fault and has not been found to have any Holocene displacement at this time, therefore it 
is not discussed in the following sections.   
 
During a fault search using the 2008 National Seismic Hazard Maps - Source Parameters, the latitude and 
longitude of approximately the center of the landslide was determined to be N 33.740255 and 
W 118.361896, from Google Earth Pro. 
 
Using the Working Group on California Earthquake Probabilities (1995), we prepared Table 1 to show a 
list of all known active faults and their distance within a 25-mile radius of the subject Site.  The Table 
indicates fault distance from the Site, name of the fault, slip rate, dip of fault, rupture depth of the top 
and bottom of the fault in kilometers, maximum calculated magnitude, and the length. 
 

https://www.conservation.ca.gov/cgs/earthquakes
https://www.conservation.ca.gov/cgs/alquist-priolo
https://www.conservation.ca.gov/cgs/shma
https://www.conservation.ca.gov/cgs/smip
https://www.conservation.ca.gov/cgs/tsunami
https://www.conservation.ca.gov/cgs/landslides
https://www.conservation.ca.gov/cgs/mineral-hazards
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2.2.2 Seismic Setting and Fault Rupture Hazard 

The closest identified Holocene fault near the Site is the Palos Verdes Fault, which is located about 3.7 
miles north of the Site so surface fault rupture would not be an issue in the PBL area.  This Fault has a 
right lateral strike-slip movement offshore and changes to a likely thrust movement onshore where it 
wraps around the hills to the north.  The Palos Verdes Fault can generate an earthquake with a 
maximum magnitude of M=7.7, which could cause an earthquake with the greatest magnitude in the 
vicinity of the Palos Verdes Hills.  Since the Palos Verdes Fault is closest to the proximity of the Site and 
would have the greatest earthquake magnitude, a maximum probable earthquake on the Palos Verdes 
Fault could cause extensive damage and slope failures within the PBL from strong motion during a 
maximum probable earthquake.     
 
The other fault closest to the Project having displaced during the Holocene is the Newport-Inglewood 
Fault Zone, which is located approximately 10.3 miles to the northeast.  This Fault could have a probable 
earthquake of M=7.5, which is considered a very powerful earthquake and could cause massive amounts 
of damage and slope failures within the Palos Verdes Hills.  Because of the Fault’s distance from the 
landslide, there is a limited potential for surface fault rupture from this Fault on the PBL, though there 
could be slope failures on the Palo Verdes Hills from strong motion during a maximum probable 
earthquake. 
 
The Los Angeles Basin is known for its blind thrust faults, which are thrust fault that do not break the 
earth’s surface, and earthquakes from these faults.  The potential of large earthquakes with no surface 
ground rupture from the blind thrust faults is high in the Los Angeles Basin.  During earthquakes such as 
the 1994 Northridge Earthquake, uplift can occur (United States Geological Survey [USGS, 2008]).  
Moderate shaking from an earthquake on one of the closer LA Basin blind thrusts could possibly be 
detected throughout the Hills, cause low to moderate damage to buildings and infrastructure, and could 
cause creep on the PBL to increase or reoccur. 
 
Nothing is known about the physical properties of the Palos Verdes Hill Fault except what was modeled 
by Ward, 1994, so this Fault is being mentioned but not expressed as being an earthquake fault.  If the 
Palos Verdes Hills Fault does exist, it is unclear whether it meets the criteria for an active fault.  The 
other faults mentioned in the following pages are known Holocene faults, and strong motion from a 
considerable earthquake throughout the Palos Verdes Hills and at the PBL Site could cause possible 
considerable damage. 
 
2.2.3 Slope Stability/Landslides 

The Site is within an a mapped and widely known area for landslides, which the State of California has 
zoned as required investigation.  When in a zone of investigation, it is probable that the slope or 
landslide can fail during a moderate to large earthquake, per the California Geological Survey, so 
geotechnical practitioners are required by the State of California to perform a slope stability 
investigation.   
 
One of the features of the Palos Verdes bentonite is the ease and rapidity with which colloidal gels are 
formed when water content is increased, a characteristic known as highly thixotropic.  Specifically, 
change in water content has a great effect on the properties of the Palos Verdes bentonite.  Doubling 
the moisture content decreases the unconfined shear strength by more than 10 times (Kerr, 1967). 
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Sea bluff erosion and retreat is another geologic condition that could accelerate instability of the PBL by 
reducing the mass of rock (natural buttress) at its toe.  Since the landslide rock and soil, at the toe, is 
crushed and loose from landslide slippage along the slide plane, it is readily susceptible to the coastal 
bluff erosion retreat process.  As the landslide thrusts out toward the beach, wave action can over 
steepen and undercut the toe of the bluff, forming steep overhangs that result in continuous rockfalls.  
These rockfalls regenerate a beach protection zone that results in reducing the rate of wave action 
erosion.  Additionally, artesian springs or groundwater sapping at the landslide toe can cause erosion 
and result in a steep overhang that can eventually fall onto the beach, as does the factor of wave action.  
Artesian groundwater conditions are discussed in the Hydrogeology section of this document. 
 
The PBL is a hazard to buildings and infrastructure since it is creeping and experiencing movement.  The 
sea bluff erosion can present additional hazard from rockfalls as the landslide creeps toward the ocean.  
Loose rocks and wave action could increase the falling rock hazard. 
  
2.2.4 Liquefaction 

Liquefaction involves sudden loss in strength of a saturated, cohesionless soil (predominantly sand) 
caused by the buildup of pore water pressure during cyclic loading, such as that produced by an 
earthquake.  This increase in pore water pressure can temporarily transform the soil into a fluid mass, 
resulting in vertical settlement and can also cause lateral ground deformations.  Typically, liquefaction 
occurs in areas where there are loose sands and the depth to groundwater is less than 50 feet from the 
surface.  Seismic shaking can also cause soil compaction and ground settlement without liquefaction 
occurring, including settlement of dry sands above the water table. 
 
The beach sands at the toe of the landslide are saturated with ocean water based on sea level and the 
uprun by the wave action.  Although the sands contain gravels and cobbles., the sands between the 
coarser-grained material could liquefy.  If the beach sands liquefy during a seismic event, the coastal 
bluffs along the landslide toe could become unstable.  The onshore portion of the Site includes landslide 
materials that consist of a mixture of clay, silt, sand, gravel, and cobbles with boulders.  The liquefaction 
potential on the onshore portion of the landslide is unknown at this time.  Within the areas of shallow 
groundwater with saturated sand deposits, the liquefaction potential could increase in the landslide 
mass if the saturated sands are in the upper 50 feet.  The potential of the PBL experiencing liquefaction 
would be localized to the sandy deposits if it did develop.  
 
2.2.5 Tsunami Hazard 

2.2.5.1 Seismic Generated Tsunami   

The Site is on the eastern portion of the Pacific Ocean known as the Ring of Fire or the Circum-Pacific 
Belt.  Very large offshore earthquakes and volcanic eruptions, associated with subduction zone 
thrusting, have been known to occur along the rim of the Ring of Fire.  When certain types of 
earthquakes of large magnitudes occur within this region, there may be a tsunami potential throughout 
the Pacific Ocean.  During a seismic event, if there is complete rupture of the fault and the rupture 
reaches the seafloor with particularly large vertical displacements, as with the 2011 Tohoku earthquake 
(Ide et al., 2011), the displacement of the sea floor would likely be generating a tsunami as it did along 
mainland Japan as experienced during the offshore Tohoku earthquake.  The greater the displacement 
in a short period of time, the larger the tsunami.  Other factors that would control the size of the 
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tsunami wave would be distance or how sheltered the area is from the open sea.  These factors could 
decrease the intensity of a tsunami (USGS, 1985).   
 
The type of shoreline affects the intensity of a tsunami.  Along coasts consisting of elevated sea bluffs, 
the runup would be more intense with more copious amounts of bluff erosion and damage than with a 
tsunami of the same intensity inundating an estuary or low-lying coastal region where flooding may be 
the main factor.  Numerical models modified from Houston, 1980, suggest that during a statistical 500- 
or 100-year tsunami along the Palos Verdes Hills southern coast, the runup wave would vary from 5 feet 
to 4 feet, respectively, above the current sea-level. 
 
Hence, an oblique right lateral earthquake on the Palos Verdes Fault would be unlikely to cause a large 
tsunami.  With this in mind, for a seismic event on the offshore portion of the Palos Verdes Fault, 
maximum magnitude and onshore ground motion should both be lower than for rare ruptures from any 
unknown offshore California thrust faults.  Such movement could still generate a tsunami that has the 
potential to undermine the base of the coastal bluffs. 
 
2.2.5.2 Landslide Generated Tsunami  

Submarine landslides are the second most frequent tsunami source worldwide.  However, their complex 
and diverse nature of origin combined with their infrequent event records, make predictive modelling 
challenging.  More research needs to be conducted to determine how these modeling methods, 
combined with the probabilistic context, can be used to improve landslide tsunami hazard analysis in the 
future.  In the San Pedro Bay, offshore to the south of the Site, the submarine landslides potential is 
high.  At this time, the possibility of a submarine landslide-induced tsunami could be a secondary effect 
of a large onshore or offshore earthquake in the general vicinity. 
 
2.2.6 Subsidence 

The National Oceanographic and Atmospheric Administration (1998) defines subsidence as “the sinking 
of the ground from underground material movement is most often caused by the removal of water, oil, 
natural gas, or mineral resources out of the ground by pumping, fracking, or mining activities.” 
Subsidence can also be triggered by natural events such as earthquakes, soil compaction, glacial isostatic 
adjustment, erosion, sinkhole formation, and adding water to fine soils deposited by wind (loess 
deposits).  Subsidence can occur on a wide scale: very large areas like whole states or provinces, or very 
small areas like the corner of your yard.  In the Chesapeake Bay area, for example, land subsidence may 
be caused by a combination of sediment loading (when rivers deposit sediment in an area that then 
sinks under the additional weight) and sediment compaction after groundwater is removed. 
 
Subsidence could occur on the PBL during a large earthquake when loose, fractured and or porous 
materials consolidate from moderate to large earth shaking resulting in the formation of small 
depressions.  The withdraw of water during the dewatering of the landslide or adding artificial fill in 
areas where the soils are unconsolidated can be another source of potential subsidence on the 
landslide.  Also, movement of different landslide blocks along the slide plane can cause rises and basins 
(hummocky topography).  With continued landslide movement, the rises can continue to go up and the 
basins go down or even the reverse.  The areas of subsidence on the PBL may be small and isolated, and 
although minor, could be a continuous problem with different amounts of movement.  
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